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ABSTRACT
Objective: To assess if the screw design (self-drilling/
self-tapping) and the pilot hole tapping could affect the 
insertion torque and screw pullout strength of the screw 
used in anterior fixation of the cervical spine. Methods: 
Forty self-tapping screws and 20 self-drilling screws were 
inserted into 10 models of artificial bone and 10 cervical 
vertebrae of sheep. The studied parameters were the in-
sertion torque and pullout strength. The following groups 
were created: Group I – self-tapping screw insertion after 
pilot hole drilling and tapping; Group II – self-tapping 
screw insertion after pilot hole drilling without tapping; 
Group III – self-drilling screw insertion without drilling 
and tapping. In Groups I and II, the pilot hole had 14.0 mm 
in depth and was made with a 3mmn drill, while tapping 
was made with a 4mm tap. The insertion torque was mea-
sured and the pullout test was performed. The comparison 
between groups was made considering the mean insertion 
torque and the maximum mean pullout strength with the 
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drilling and tapping of pilot hole significantly decreased 
the insertion torque and the pullout strength. Conclusion: 
The insertion torque and pullout strength of self-drilling 
screws were significantly higher when compared to self-
tapping screws inserted after pilot hole tapping.
Keywords – Spine; Bone screw; Orthopedic fixation de-
vices; Biomechanics
INTRODUCTION
Anterior plates for the fixation of the cervical spine 
have been used to stabilize the cervical segment during 
the process of bone graft consolidation in arthrodesis(1). 
The additional benefits of using a plate and screws are 
well-established(2,3).
The mechanical stabilization provided by the plate 
system is related to several factors, foremost among 
them the anchoring of the screws in bone tissue(3). Bone 
mineral density is the main factor that interferes with 
the mechanical stability of the implant. However, this 
is one of the parameters that cannot be controlled by 
the surgeon, so that the new screw designs have been 
developed to improve the quality of fixation.
Bicortical or unicortical fixation screws of the ante-
rior cervical plate have been designed to be inserted into 
pre-drilled and tapped pilot holes. The use of unicortical 
screws has become the simplest surgical procedure and 
reduced risk compared with bicortical fixation(5,6).
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However, the perforation and tapping of the 
pilot holes result in additional trauma and increased 
operative time for the completion of the procedures. 
For this reason, changes in the designs of the screws 
were performed in order to eliminate the tapping and 
 drilling of the pilot hole. Self-drilling and self-
tapping screws have been developed. The advantage 
of these screws is that they can be inserted without 
prior tapping and can be attached directly to the bone, 
simplifying the surgical procedure.
However, changes in the screw design can cause 
repercussions in their mechanical performance, re-
quiring studies to compare the performance of new 
screw designs to establish the real advantages and 
disadvantages of each model.
Tapping of the pilot hole has been a controversial 
topic in the literature that addresses this issue. This 
procedure is used to prepare the adjacent bone tissue 
for the introduction of the screw.
The acute mechanical development of screws can 
be evaluated by the torque and pullout strength of the 
implants. The insertion torque is defined as the angu-
lar momentum of force required to move the screw 
inside the fixation material and is directly related to 
the quality of the fixation system.
The aim was to study the influence of screw design 
(self-drilling and self-tapping) and pilot hole tapping 
on the insertion torque and pullout strength of screws 
used for anterior fixation of the cervical spine.
METHOD
Forty self-tapping screws and 10 self-drilling 
screws were used in the study, both made of titanium, 
for fixation of cervical plates (CSLP – Synthes®). 
The screws had expanding heads, with a 4-mm outer 
diameter and 14 mm in length (Figure 1).
The insertion torque and pullout strength were 
measured through the insertion of screws into the body 
of the anterior cervical vertebrae of sheep. We used ten 
cervical vertebrae (C3-C6) of Santa Ines Deslanadados 
sheep with a mean age of 12 ± 3 months. After their 
removal, muscle tissue was removed, examined, and 
bone mineral density was measured by dual-energy 
X-ray absorptiometry (DEXA®) using QDR system 
software version 11 – 2:5 (Hologic 4500 W®, Waltham, 
Figure 1 – Screws used in the study. A) self-drilling screw and 
B) self-tapping screw (CSLP Synthes®).
MA, USA). Vertebrae with bone mineral density 
averaging 0.33 ± 0.01 g/cm3 (from 0.32 to 0.34 g/cm3) 
were selected for study.
Three screws were tested in each cervical vertebra, 
each corresponding to an experimental group. The 
screws were inserted with approximately 5 mm of dis-
tance between them to avoid possible interference in the 
measurement of insertion torque and pullout strength.
The experimental groups were formed according 
to the technique used to prepare the pilot hole and 
the screw type used in the study (self-drilling and 
self-tapping): group I – self-tapping screw inserted 
after drilling and tapping a pilot hole, group II – self-
tapping screw inserted after drilling the pilot hole 
without tapping, group III – self-drilling screw in-
serted directly into the vertebral bodies without drill-
ing or tapping.
The pilot hole (groups I and II) was made with a 
3.0-mm diameter drill and drilled 14 mm deep. The 
screws were inserted in the anterior body of the cervi-
cal vertebra simulating its clinical use.
In group II, tapping was performed using a tap 
with 4 mm in diameter to cut and prepare the bone 
tissue for the insertion of the screw.
The insertion torque of the implants was measured 
using a TI-500/MKMT-1, 1N.m model MK® digital 
microtorquemeter, with a resolution of 0.001 Nm and 
Graphic III® software was used for data analysis.
The mechanical tests were carried out using an 
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Emic® universal testing machine with load cells ca-
pable of 1.000N and data were analyzed using Tesc® 
3.13 software.
To perform mechanical pullout testing, the screw 
head was fixed to the test machine by means of con-
nectors that allowed for multidirectional movement 
and application of axial tensile load without torque. A 
pre-load of 5N was applied for a period of 10 seconds 
to accommodate the system; the axial load was then 
applied with a constant pull of 0.2 mm/min until the 
implant pulled out (Figure 2).
Ten mechanical tests and 10 insertion torque mea-
surements were performed for each experimental 
group. In total, 30 tests of torque and 30 mechanical 
tests were performed.
The results underwent multifactorial analysis of 
variance (ANOVA) and the Tukey-Kramer multiple 
comparison test with the significance level set at 5% 
+1'2'343564
Table 1 – Mean values and standard deviations of the average 
maximum torque in the three experimental groups in the artifi-
cial bone model and in the cervical vertebrae and comparison 
between groups.
Experimental groups
Insertion torque 
(N.m)
Comparison 
between groups  
(p value)
Artificial 
bone model 
(polyurethane 
blocks)
I – Drilled and tapped (CSLP 
self-tapping)
0.04 ± 0.01
I x II
p < 0.001
II – Drilled and not tapped (CSLP 
self-tapping)
0.08 ± 0.01
II x III
p < 0.001
III – Not drilled and not tapped 
(CSLP selfdrilling)
0.27 ± 0.03
III x I
p < 0.001
Cervical 
vertebrae
I – Drilled and tapped (CSLP 
self-tapping)
0.05 ± 0.01
I x II
p < 0.001
II – Drilled and not tapped (CSLP 
self-tapping)
0.16 ± 0.02
II x III
p < 0,001
III – Not drilled and not tapped 
(CSLP self-drilling)
0.33 ± 0.03
III x I
p < 0.001
Pullout strength
The average maximum pullout strength of the 
screws implanted in sheep cervical vertebrae and in 
the artificial bone model in the comparison groups is 
shown in Table 2 and Figure 4.
Table 2 – Mean values and standard deviations of the average 
maximum pullout strength in the three experimental groups in the 
artificial bone model and the cervical vertebrae and comparisons 
between groups.
Experimental groups
Insertion 
torque (N.m)
Comparison 
between groups 
(p value)
Artificial 
bone model 
(polyurethane 
blocks)
I – Drilled and tapped (CSLP self-
tapping)
368.90 ± 23.48
I x II
p < 0.05
II – Drilled and not tapped (CSLP 
self-tapping)
393.16 ± 18.71
II x III
p < 0.001
III – Not drilled and not tapped 
(CSLP self-drilling)
449.12 ± 14.79
III x I
p < 0.001
Cervical 
vertebrae
I – Drilled and tapped (CSLP self-
tapping)
237.12 ± 24.97
I x II
p < 0.05
II – Drilled and not tapped (CSLP 
self-tapping)
308.89 ± 80.63
II x III
p < 0.05
III – Not drilled and not tapped 
(CSLP self-drilling)
381.95 ± 53.46
III x I
p < 0.001
Figure 2 – Schematic drawing of the accessories used in the 
mechanical tests. Close-up: a clearer view of the screw and the 
accessories used for fixation.
Acessório de Fixação
Célula de carga
Parafuso
Conecção entre a célula de 
carga e a cabeça do parafuso
Morsa
Vértebra
Pino de travamento
Load cell
Conn ction between the load 
cell and the screw head
Locking pin
Screw
Vertebra
F xation accessory
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RESULTS
Insertion torque
The mean maximum insertion torque of the screws 
implanted in sheep cervical vertebra and in the artificial 
bone model in the compared groups are presented in 
Table 1 and Figure 3.
418
DISCUSSION
This study sought to investigate and answer ques-
tions regarding the biomechanical characteristics of new 
screw designs that were especially designed for cervi-
cal fixation(8,9). Our study was designed to biomechani-
cally compare self-drilling and self-tapping screws. In 
addition, we included another group in which the self-
tapping screw was inserted into a previously tapped pi-
lot hole. This last group was created based on practical 
clinical circumstances. In some surgical situations, after 
inserting the screw into a previously tapped pilot hole, 
the implant may need to be replaced, a principle applied 
to the salvage screw. Is it possible to insert a self-tapping 
screw into the previously tapped pilot hole and get good 
quality of fixation? This event can also occur with the 
use of the hole caused by the application of temporary 
cervical plate fixation.
The results showed that insertion torque and pullout 
strength have significantly different clinical relevance 
for the three groups. The best quality of fixation was 
obtained with the use of self-drilling screws and the 
worst results were observed when the self-tapping 
screw was inserted into the previously tapped pilot 
hole. This clearly shows the negative effect of pilot hole 
tapping. In the comparison of tapped and untapped pilot 
holes, we observed reduced insertion torque and pullout 
strength when the pilot hole was previously tapped, 
which corroborates findings by other authors(10,11).
The study demonstrated that the use of self-drilling 
screws in clinical practice provides greater system fixa-
tion when inserted into bone tissue that is not osteope-
nic or osteoporotic, and reduces the surgical time and 
number of surgical procedures. The bone mineral den-
sity of normal human vertebrae has been well reported 
in the literature and ranges on average from 0.30 to 0.34 
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Figure 4 – Comparison between the mean values of the maximum pullout strength in the three experimental groups of the screws 
inserted in the artificial bone model and cervical vertebrae and comparisons between groups.
Figure 3 – Comparison between the mean values of the maximum insertion torque in the three experimental groups of the screws 
inserted into the artificial bone model and cervical vertebrae and comparisons between groups.
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g/cm3(12,13). The cervical vertebrae of the sheep used 
in the present study correspond to the density of non-
osteoporotic human vertebrae, with an average density 
of 0.33 ± 0.01 g/cm3 (0.32 to 0.34 g/cm3).
However, Hitchon et al.(14) found no difference in 
pullout strength when comparing self-drilling and self-
tapping screws with the same geometries as those used 
in our study. In this study, the group of self-drilling 
screws had higher pullout resistance when compared 
with that of the similar self-tapping screws, but this dif-
ference was not statistically significant. The authors used 
human cervical vertebrae in the study in situations that 
do not reflect the real conditions of human bone, by pre-
senting a wide range and quality of bone mineral density. 
However, the advantages found in our study favor the 
use of self-drilling or self-tapping screws, which can be 
counterbalanced in situations where the bone is osteo-
porotic. We believe that this hypothesis should be in-
vestigated in the future, but the study of Conrad et al.(15) 
noticed no difference in pullout strength of self-drilling 
and self-tapping screws using polyurethane blocks with 
a density comparable to that of osteoporotic bones.
The increase in pullout strength of self-drilling 
screws is supported by the fact that the pullout strength 
is proportional to the volume of bone between the 
threads(16). It has been experimentally observed that the 
screw/bone interface of self-drilling screws was superior 
to that of self-tapping screws and that they would not 
cause damage to bone tissue adjacent to the implant(17).
CONCLUSION
We observed a difference in the insertion torque and 
pullout strength in comparisons between the self-drilling 
and self-tapping screws inserted into the artificial bone 
model and the cervical vertebrae of sheep.
The self-drilling screws had higher mean insertion 
torque values and pullout strength when compared with 
self-tapping screws.
The pilot hole tapping promotes significant reduction 
in insertion torque and pullout strength.
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